Interactions among the standard model gauge bosons and scalar fields in the framework of SU(3)C ⊗ SU(3)L ⊗ U(1)X gauge model with minimal (economical) Higgs content are presented. From these couplings, all scalar fields including the neutral scalar h and the Goldstone bosons can be identified and their couplings with the usual gauge bosons such as the photon, the charged W ± and the neutral Z, without any additional condition, are recovered. In the effective approximation, full content of scalar sector can be recognized. The CP-odd part of Goldstone associated with the neutral non-Hermitian bilepton gauge boson G X 0 is decouple, while its CP-even counterpart has the mixing by the same way in the gauge boson sector. 
I. INTRODUCTION
Recent neutrino experimental results [1] establish the fact that neutrinos have masses and the standard model (SM) must be extended. Among the beyond-SM extensions, the models based on the SU(3) C ⊗ SU(3) L ⊗ U(1) X (3-3-1) gauge group have some intriguing features: Firstly, they can give partial explanation of the generation number problem. Secondly, the third quark generation has to be different from the first two, so this leads to the possible explanation of why top quark is uncharacteristically heavy.
There are two main versions of the 3-3-1 models. In one of them [2] the three known left-handed lepton components for each generation are associated to three SU(3) L triplets as (ν l , l, l c ) L , where l c L is related to the right-handed isospin singlet of the charged lepton l in the SM. The scalar sector of this model is quite complicated (three triplets and one sextet). In the variant model [3] three SU(3) L lepton triplets are of the form (ν l , l, ν c l ) L , where ν c l is related to the right-handed component of the neutrino field ν l (a model with right-handed neutrinos). The scalar sector of this model requires three Higgs triplets, therefore, hereafter we call this version the 3-3-1 model with three Higgs triplets (331RH3HT). It is interesting to note that, in the 331RH3HT, two Higgs triplets have the same U(1) X charge with two neutral components at their top and bottom. Allowing these neutral components vacuum expectation values (VEVs), we can reduce number of Higgs triplets to be two. As a result, the dynamics symmetry breaking also affect lepton number. Hence it follows that the lepton number is also broken spontaneously at a high scale of energy. This kind of model was proposed in Ref. [4] , its gauge boson mixing and currents have been in detail considered in Ref. [5] .
Note that the mentioned model contains very important advantage, namely: There is no new parameter, but it contains very simple Higgs sector, hence the significant number of free parameters is reduced. To mark the minimal content of the Higgs sector, this version is going to be called the economical 3-3-1 model.
It is well known that the electroweak symmetry breaking in the SM is achieved via the Higgs mechanism. In the Glashow-Weinberg-Salam model there is a single complex Higgs doublet, where the Higgs boson h is the physical neutral Higgs scalar which is the only remaining part of this doublet after spontaneous symmetry breaking (SSB). In the extended models there are additional charged and neutral scalar Higgs particles. The prospects for Higgs coupling measurements at the LHC have recently been analyzed in detail in Ref. [6] . The experimental detection of the h will be great triumph of the SM of electroweak interactions and will mark new stage in high energy physics.
II. A REVIEW OF THE MODEL
The particle content in this model, which is anomaly free, is given as follows:
T ∼ (1, 3, −1/3), l aR ∼ (1, 1, −1),
where a = 1, 2, 3 is a family index. Here the right-handed neutrino is denoted by N L ≡ (ν R ) c .
T L ∼ (3 * , 0), α = 2, 3,
Electric charges of the exotic quarks U and D α are the same as of the usual quarks, i.e. q U = 2 3 and q Dα = − 1 3 . The SU(3) L ⊗ U(1) X gauge group is broken spontaneously via two steps. In the first step, it is embedded in that of the SM via a Higgs scalar triplet
acquired with VEV given by
In the last step, to embed the gauge group of the SM in U(1) Q , another Higgs scalar triplet
is needed with the VEV as follows
µ are the physical fields. The existence of y µ is a consequence of mixing among the real part (X 0 * µ + X 0 µ ) with W 3µ , W 8µ and B µ ; and its expression is determined from the mixing matrix U given in the Appendix of Ref.
[5]
with
We remind that ϕ is the Z − Z ′ mixing angle and θ ′ is the similar angle of W 4 , Z, Z ′ mixing defined by [5]
After SSB the non-Hermitian physical gauge bosons W, X 0 , Y ± gain masses given by
The Yukawa interactions which induce masses for the fermions can be written in the most general form as
where
The VEV ω gives mass for the exotic quarks U and D α , u gives mass for u 1 , d α quarks, while v gives mass for u α , d 1 and all ordinary leptons. As mentioned above, the VEV ω is responsible for the first step of symmetry breaking, while the second step is due to u and v. Therefore the VEVs in this model have to be satisfied the constraints
The Yukawa couplings of Eq.(17) possess an extra global symmetry which is not broken by VEVs v, ω but by u. From these Yukawa couplings, one can find the following lepton symmetry L as in Table I (only the fields with nonzero L are listed, all other fields have vanishing L). Here, L is broken by u which is behind L(χ 0 1 ) = 2 (see also [12] ), i.e., u is a kind of the lepton-number violating parameter. It is interesting that the exotic quarks also carry the lepton , z = 0, and
Another useful conserved charge B which is not broken by u, v and ω is usual baryon number B = BI. The L and B charges for the fermion and Higgs multiplets are listed in Table II . Moreover, the Yukawa couplings of (18) conserve 
we get the constraint:
GeV. However, the stronger bilepton mass bound has been derived from consideration of experimental limit on lepton-number violating charged lepton decays [14] of 440 GeV.
In the case of u → 0, analyzing the Z decay width [15] , the Z − Z ′ mixing angle is constrained by −0.0015 ≤ ϕ ≤ 0.001. From atomic parity violation in cesium, bounds for mass of the new exotic Z ′ and the Z − Z ′ mixing angles, again in the limit u → 0, are given [15] −0.00156 ≤ ϕ ≤ 0.00105,
These values coincide with the bounds in the usual 331RH3HT [16] . From the W width, one gets an upper limit [5]:
III. HIGGS POTENTIAL
In this model, the most general Higgs potential has very simple form
Note that there is no trilinear scalar coupling and this makes the Higgs potential much simpler than those in the 331RN3HT [8, 17] and closer to that of the SM. The analysis in Ref. [4] shows that after symmetry breaking, there are eight Goldstone bosons and four physical scalar fields. One of two physical neutral scalars is the SM Higgs boson. Let us shift the Higgs fields into physical ones
The subscript P denotes physical fields as in the usual treatment. However, in the following, this subscript will be dropped. By substitution of (25) into (24), the potential becomes
From the above expression, we get constraint equations at the tree level
which imply that the Higgs vacuums are not SU(3) L ⊗ U(1) X singlets. As a result, the gauge symmetry is broken spontaneously. The nonzero values of χ and φ at the minimum value of V (χ, φ) can be easily obtained by
It is worth noting that any other choice of u, ω for the vacuum value of χ satisfying (29) gives the same physics because it is related to (4) by an SU(3) L ⊗ U(1) X transformation. Thus, in general, we assume that u = 0.
Since u is a parameter of lepton-number violation, therefore the terms linear in u violate the latter. Applying the constraint equations (27) and (28) we get the minimum value, mass terms, lepton-number conserving and violating interactions:
In the above equations, we have dropped the subscript P and used χ = (χ
T . Moreover, we have expanded the neutral Higgs fields as
In the literature, the real parts (S i , i = 1, 2, 3) are also called CP-even scalar and the imaginary part (A i , i = 1, 2, 3) -CP-odd scalar. In this paper, for short, we call them scalar and pseudoscalar field, respectively. As expected, the lepton-number violating part V LNC is linear in u and trilinear in scalar fields.
In the pseudoscalar sector, all fields are Goldstone bosons: (31)). The scalar fields S 1 , S 2 and S 3 gain masses via (31), thus we get one Goldstone boson G 4 and two neutral physical fields-the SM H 0 and the new H 0 1 with masses
In terms of scalars, the Goldstone and Higgs fields are given by
From Eq.(37), it follows that mass of the new Higgs boson M H 0 1 is related to mass of the bilepton gauge X 0 (or Y ± via the law of Pythagoras) through
Here, we have used α = 1 128 and s 2 W = 0.231. In the charged Higgs sector, the mass terms for (φ 1 , χ 2 , φ 3 ) is given by (32), thus there are two Goldstone bosons and one physical scalar field:
with mass
Two remaining Goldstone bosons are
Thus, all pseudoscalars are eigenstates and massless (Goldstone). Other physical fields are related to the scalars in the weak basis by the linear transformations:
From (36) and (37), we come to the previous result in Ref.
[4]
Eq. (44) (27), (28) we get a consequence: λ 3 is negative (λ 3 < 0).
To finish this section, let us comment on our physical Higgs bosons. In the effective approximation w ≫ v, u, from Eqs (47), and (48) it follows that
This means that, in the effective approximation, the charged boson H − 2 is a scalar bilepton (with lepton number L = 2), while the neutral scalar bosons H 0 and H 0 1 do not carry lepton number (with L = 0).
IV. HIGGS -SM GAUGE BOSON COUPLINGS
There are a total of 9 gauge bosons in the SU(3) L ⊗ U(1) X group and 8 of them are massive. As shown in the previous section, we have got just 8 massless Goldstone bosons -the justified number for the model. One of the neutral scalars is identified with the SM Higgs boson, therefore its couplings to ordinary gauge bosons such as the photon, the Z and the W ± bosons have to have, in the effective limit, usual known forms . To search Higgs bosons at future high energy colliders, one needs their couplings with ordinary particles, specially with the gauge bosons in the SM.
The interactions among the gauge bosons and the Higgs bosons arise in part from
In the following the summation over Y is default and only the terms giving interested couplings are explicitly displayed. First, we consider the relevant couplings of the SM W boson with the Higgs and Goldstone bosons. The trilinear couplings of the pair W + W − with the neutral scalars are given by
Because of S 2 is a combination of only H and H 0 1 , therefore, there are two couplings which are given in Table IV . Couplings of the single W with two Higgs bosons exist in
The resulting couplings of the single W boson with two scalar fields are listed in Table V , where we have used a notation
Vanishing couplings are
Quartic couplings of W + W − with two scalar fields arise in part from 
With the help of (A1) and (A2), we get the interested couplings of W + W − with two scalars which are listed in Table  VI . Our calculation give following vanishing couplings
Now we turn on the couplings of neutral gauge bosons with Higgs bosons. In this case, the interested couplings exist in
It
and
The nonzero electromagnetic couplings are listed in Table VII . It should be noticed that the electromagnetic interaction is diagonal, i.e. the non-zero couplings, in this model, always have a form
For the Z bosons, the following observation is useful
Here
are elements in the mixing matrix of the neutral gauge bosons given in the Appendix of Ref.
[5]. From (55) and (58), it follows that the trilinear couplings of the single Z with charged Higgs bosons exist in part from the Lagrangian terms
From (61) we get trilinear couplings of the Z with the charged Higgs bosons which are listed in Table VIII . The limit sign (−→) in the Tables is the effective one. In the effective limit, the ZG 5 G 5 vertex gets an exact expression as in the SM. Hence G 5 can be identified with the charged Goldstone boson in the SM (G W + ). Now we search couplings of the single Z µ boson with neutral scalar fields. With the help of the following equations
the necessary parts of Lagrangian are
The resulting couplings are listed in Table IX . From Table IX , we conclude that G 2 should be identified to G Z in the SM. For the Z ′ boson, the following remark is again helpful
Thus, with the replacement Z → Z ′ one just replaces column 2 by 3, for example, trilinear coupling constants of the Z ′ µ with two neutral Higgs bosons are given in Table X . Next, we search couplings of two neutral gauge bosons with scalar fields which arise in part from
Here A µ ii (i = 1, 2, 3) is a diagonal element in the matrix
which is dependent on the U (1) X charge:
Quartic couplings of two Z with neutral scalar fields are given by 
In this case, the couplings are listed in Table XI . Trilinear couplings of the pair ZZ with one scalar field are obtained via the following terms:
The obtained couplings are given in Table XII Because of (64), for the ZZ ′ couplings with scalar fields, the above manipulation is good enough. For example, Table XI is replaced by Table XIII . Now we turn on the interested coupling ZW ± H ∓ 2 arisen in part from
For our Higgs triplets, one gets
From Eq. (73), the trilinear couplings of the W boson with one scalar and one neutral gauge bosons exist in a part
From the above equation, we get necessary nonzero couplings, which are listed in Table XIV . Vanishing couplings are
Eq. (75) is consistent with an evaluation in Ref. [11] , where authors neglected the diagrams with the γW ± H ∓ vertex. From (9) , it follows that, to get couplings of the bilepton gauge boson Y + with ZH − 2 , one just makes in (74) the replacement: c θ → −s θ , s θ → c θ . Finally, we can identify the scalar fields in the considered model with that in the SM as follows:
In the effective limit ω ≫ v, u our Higgs can be represented as
Note that identification in (78) is possible due to the fact that both scalar and pseudoscalar parts of χ 0 1 are massless. In addition, the pseudoscalar part is decouple from others, while its scalar part mixes with the same ones as in the gauge boson sector (for details, see [5] ).
We emphasize again, in the effective approximation, all Higgs-gauge boson couplings in the SM are recovered (see Table XV ). In contradiction with the previous analysis in Ref.
[4], the condition u ∼ v or introduction of the third triplet are not necessary.
The possibility to detect the neutral Higgs boson in the minimal version at e + e − colliders was considered in [18] and production of the SM-like neutral Higgs boson at the CERN LHC was considered in Ref. [9] . This section is devoted to production of the charged H ± 2 at the CERN LHC. Let us firstly discuss on the mass of this Higgs boson. Eq. (44) gives us a connection between its mass and those of the singly-charged bilepton Y through the coefficient of Higgs self-coupling λ 4 . Note that in the considered model, the nonzero majoron couplings of G X 0 with the leptons exist only in the loop-levels. To keep the smallness of these couplings, the mass M H ± 2 can be taken in the electroweak scale with λ 4 ∼ 0.01 [19] . From (44), taking the lower limit for M Y to be 1 TeV, the mass of H ± 2 is in range of 200 GeV. Taking into account that, in the effective approximation, H − 2 is the bilepton, we get the dominant decay channels as follows
Assuming that masses of the exotic quarks (U, D α ) are larger than M H ± 2
, we come to the fact that, the hadron modes are absent in decay of the charged Higgs boson. Due to that the Yukawa couplings of H ± 2 l ∓ ν are very small, the main decay modes of the H ± 2 are in the second line of (79). Note that the charged Higgs bosons in doublet models such as two-Higgs doublet model or MSSM, has both hadronic and leptonic modes [10] . This is a specific feature of the model under consideration.
Because of the exotic X, Y, Z ′ gauge bosons are heavy, the coupling of a singly-charged Higgs boson (H ± 2 ) with the weak gauge bosons, H ± 2 W ∓ Z, may be main. Here, it is of particular importance for the electroweak symmetry breaking. Its magnitude is directly related to the structure of the extended Higgs sector under global symmetries [20] . This coupling can appear at the tree level in models with scalar triplets, while it is induced at the loop level in multi scalar doublet models. The coupling, in our model, differs from zero at the tree level due to the fact that the H ± 2 belongs to a triplet.
Thus, for the charged Higgs boson H ± 2 , it is important to study the couplings given by the interaction Lagrangian
where f ZW H , at tree level, is given in Table XIV . The same as in [11] , the dominant rate is due to the diagram connected with the W and Z bosons. Putting necessary matrix elements in Table XIV , we get
Thus, the form factor, at the tree-level, is obtained by
The decay width of H
, where i = L, T represent respectively the longitudinal and transverse polarizations, is given by [11] Γ(H
where λ(1, w, z)
. The longitudinal and transverse contributions are given in terms of F by
which implies that the decay into a longitudinally polarized weak boson pair dominates that into a transversely polarized one. The form factor F and the mixing angle t ϕ are presented in Table III , where we have used: s Next, let us study the impact of the H ± 2 W ∓ Z vertex on the production cross section of pp → W ± * Z * X → H ± 2 X which is a pure electroweak process with high p T jets going into the forward and backward directions from the decay of the produced scalar boson without color flow in the central region. The hadronic cross section for pp → H ± 2 X via W ± Z fusion is expressed in the effective vector boson approximation [21] by
/s, and
with τ ′ =ŝ/s and ξ = τ /τ ′ . Here f i (x) is the parton structure function for the i-th quark, and
where c =
(q j ) with g 1V (q j ), g 1A (q j ) for quark q j are given in Table III .
Assuming discovery limit of 25 events corresponding to the horizontal line, and taking the integrated luminosity of 300 f b −1 [23] , from the figure, we come to conclusion that, for s θ = 0.08 (the line on top), the charged Higgs boson H ± 2 with mass larger than 1700 GeV, cannot be seen at the LHC. These limiting masses are denoted by M max H ± 2 and listed in Table III . If the mass of the above mentioned Higgs boson is in range of 200 GeV and s θ = 0.08, the cross section can exeed 260 f b: i.e., 78000 of H ± 2 can be produced at the integrated LHC luminosity of 300 f b −1 . This production rate is about ten times larger than those in Ref. [11] . The cross-sections decrease rapidly as mass of the Higgs boson increases from 200 GeV to 400 GeV.
VI. CONCLUSIONS
In this paper we have considered the scalar sector in the economical 3-3-1 model. The model contains eight Goldstone bosons -the justified number of the massless ones eaten by the massive gauge bosons. Couplings of the SM-like gauge bosons such as of the photon, the Z and the new Z ′ gauge bosons with physical Higgs ones are also given. From these couplings, the SM-like Higgs boson as well as Goldstone ones are identified. In the effective approximation, full content of scalar sector can be recognized. The CP-odd part of Goldstone associated with the neutral non-Hermitian bilepton gauge bosons G X 0 is decouple, while its CP-even counterpart has the mixing by the same way in the gauge boson sector. Despite the mixing among the photon with the non-Hermitian neutral bilepton X 0 as well as with the Z and the Z ′ gauge bosons, the electromagnetic couplings remain unchanged. It is worth mentioning that, masses of all physical Higgs bosons are related to that of gauge bosons through the coefficients of Higgs self-interactions. All gauge-scalar bosons couplings in the standard model are recovered. The coupling of the photon with the Higgs bosons are diagonal.
It should be mentioned that in Ref.
[4], to get nonzero coupling ZZh at the tree level, the authors suggested the following solution: (i) u ∼ v or (ii) by introducing the third Higgs scalar with VEV (∼ v). This problem does not happen in our consideration.
After all we focused attention to the singly-charged Higgs boson H . By measuring this process we can obtain useful information to determine the structure of the Higgs sector.
Detailed analysis of discovery potential of all these Higgs bosons will be presented elsewhere.
APPENDIX A: MIXING MATRICES OF SCALAR SECTOR
For the sake of convenience in practical calculations, we give here some mixing matrices 1. Neutral scalar bosons
2. Singly-charged scalar bosons
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